This study examined the effect of dietary prebiotics and probiotics after 16 weeks, followed by 8 weeks of post feeding trial with the control unsupplemented diet on haematological and immune response against Aeromonas hydrophila infection in Channa striata fingerlings. Fish were raised on a 40% protein and 12% lipid feed containing three commercial prebiotics (β-glucan, GOS or galacto-oligosaccharide, MOS or mannan-oligosaccharide); and two probiotics-(Saccharomyces cerevisiae, Lactobacillus acidophilus), respectively and a control. Throughout the study, supplementation with dietary prebiotics and probiotics led to significant (P < 0.05) improvement in the red blood cells, white blood cells, packed cell volume, haemoglobin concentration and serum protein level and lysozyme activities; and these improvements were effective significantly (P < 0.05) when the fish were challenged with Aeromonas hydrophila at the dose of 2 × 10 6 . The disease resistance against A. hydrophila was higher significantly (P < 0.05) in fish fed with probiotic feed supplements (L.acidophilus was highest) compared to prebiotics and control. The study is the first to report the absence of differences in sustaining the efficacies attained after intake of β-glucan, GOS and MOS upon post-feeding with an unsupplemented feed, over a prolonged period.
Introduction
The increasing intensification and commercialization of aquaculture systems has accelerated the outbreak of diseases that are responsible for huge fish losses [8] . Intensified aquaculture of the Asian snakehead, Channa striata [7] is faced with similar problems associated with the deterioration of water quality and diseases outbreak [17, 20, 47] . The bottom-living habitat of snakehead exacerbates the situation since the bottom region boggy water [45] zone carries 10-20 time higher bacterial population compared to the other water column [31] . Aeromonas hydrophila is an opportunistic pathogenic bacteria thrives in this habitat and produces endotoxins and haemolysins [39] and [38, 40] causing epizootic ulcerative syndrome (EUS) culminating in severe ulcerations and mortality [45] . The fish diseases of C. striata are usually managed using antibiotics (like other fish species) which have led to antimicrobial resistant pathogens, reduction in beneficial microbiota in the gastrointestinal (GI) ecosystem, including the accumulation of residual antibiotics in fish muscle making it unsuitable for human consumption. Further, these treatments are not suitable for the management of parental disease [24, 47] except as nutritional therapy. Supplementation of dietary prebiotics [23] and probiotics [22] with fish diet might be a potential nutritional therapy that are used as alternatives [16] to overcome the problems associated with antibiotics. Among the positive effects of these supplements are the enhancement of growth performance, high nutrient protein digestibility, high digestive enzymes activities and high expression of immune regulatory genes [33] . Both supplements have led to direct beneficial effects of the hosts in terms of growth by improving intestinal microbial balance [2, 18] . Dietary prebiotics and probiotics has also been shown to enhance the quality of the haematological and immunological blood parameters of snakehead [51] . To date, there is no information on the duration of effectiveness of prebiotics and probiotics for a period of post-feeding without any supplementation. Hence this study evaluated directly the influence of pre-and probiotic feed supplements on blood and immunological parameters of Channa striata fingerlings and the duration of their effectiveness for a period of post-feeding without any supplementation.
Methodology

Experimental fish and husbandry conditions
This study was conducted at Universiti Sains Malaysia (USM) Aquaculture Research Complex using a stock of 10,000 healthy snakehead fries (1.5 cm) obtained from a local fish farm, and raised on Artemia cysts and tubiflex worms till they achieved 3 cm in length. A total of 4800 pieces of Channa striata fingerlings (av. wt. 22.40 g ± 0.06) were selected from this stock and distributed equally (400 fish/tank) into 12 outdoor cement tanks (2 m × 1 m x 0.5 m). The fish were maintained with a natural photoperiod where the mean water temperature, pH and DO were 27.54°C ± 0.30, 7.1 ± 0.08 and 6.1 ± 0.18 mg/l respectively. The health status of fish were routinely assessed based on movement and response to take food.
Experimental diets and feeding trial
Six experimental diets contained 40% protein and 12% lipid were prepared (Table 1) containing three prebiotics, two probiotics and a control diet (no supplements), respectively. The fish were fed the experimental diets in two phases. Phase 1 involved feeding for 16 weeks to determine the effect on health status of Channa striata fingerlings while in Phase 2, feeding was switched to the unsupplemented control diet for 8 weeks to evaluate the efficacy of prebiotics and probiotic intake in Phase 1.
Pathogenicity test
A total of 150 Channa striata fingerlings (av. wt. 22.40 g ± 0.06) was randomly collected before the feeding trial and distributed into five groups with equal numbers of fingerlings. Each group contained 3 replicates with 10 fingerlings in each replicate using glass aquarias (L 60 cm x W 35 cm x H 30 cm). The first groups which served as the control, was injected with physiological saline [29] . The following groups were injected with different doses (accurate 1 ml of 2 × 10 2 , 2 × 10 4 , 2 × 10 6 , 2 × 10 8 CFU/ml) of Aeromonas hydrophila gr-2 obtained from the National Fish Health Research Centre (NaFish), Penang, Malaysia, under the sterile conditions [1] . The Aeromonas hydrophila gr-2 was verified according to [29] prior to its use. The infected and noninfected (control) fingerlings were fed to satiation twice daily with a commercial sea bass pellet feeds contained 43% crude protein and 6% crude lipid. Mortality was monitored and recorded twice daily for 2 weeks.
Challenge assay
The challenge assay was performed three times (at 8, 16 nd 24 weeks) throughout the study using the results of the pathogenicity test determined earlier. Thirty fishes were randomly collected from each feeding treatment at the pre-determined time and injected with the selected dose of Aeromonas hydrophila. The blood parameters were determined at the end of the first and second week after injecting the pathogenic bacteria. The mortality was recorded daily; and the survival rate of fish were recorded as cumulative after 1st and 2nd week using following formula [51] .
Survival Rate (%): (Initial stock nos.-Cumulative nos. of death fish/ 30) x 100
Blood collection
The blood samples from pre-challenged and post-challenged fingerlings groups were collected from the caudal vein using 1-cc sterile syringe. 
. Erythrocyte sedimentation rate (ESR)
The method of Wintrobe [48] and [53] was used to measure the Erythrocyte Sedimentation Rate (ESR). Packed Cell Volume (PCV) was measured using Microhematocrit method described by the NCCLS Global Consensus Standard [35] .
PCV (%)= (Height of packed red cells / Total height of packed cells + plasma) x 100
Haemoglobin (Hb) concentration and status
The Cyanmethaemoglobin Method was used [6, 43] . [46, 54] with some modification was used.
Statistical analysis
One-way ANOVA (multiple comparisons) was used to analyze the data at P < 0.05 confidence level. Two-way ANOVA was performed to analyze the influence of feed and duration, and the interaction between these factors.
Results
Pathogenicity test
During the pathogenicity test to determine lethal dose, mortalities began on the first day after infection with Aeromonas hydrophila for the 2 × 10 8 CFU dosage resulting in the significantly lowest survival (16.67%) of Channa striata fingerlings. Mortalities began for the 2 × 10 4 and 2 × 10 6 CFU dosage after the fourth day of infection with survivals at 73.33% and 60%, respectively, after 14 days. The dose of 2 × 10 6 CFU was selected because of obtaining enough fish survival for the subsequent challenge studies.
Haematological parameters during pre-& post-challenged period
In the pre-challenged period (for Phases 1 and 2), fish fed with all the dietary prebiotics and probiotics tested had a significant influence (P < 0.05) on haemalogical parameters compared to fish maintained on the control diet, regardless of feeding duration or feeding regime (Table 2 ). Generally fish maintained on the probiotic diets performed better compared to those on prebiotic diets throughout Phases 1 and 2. Fish fed with LBA supplemented feed resulted in the highest significant (P < 0.05) RBC at 8 and 16 weeks in Phase 1 and this trend continued until the end of Phase 2. This was followed by live yeast, which was significantly highest at the 8th week of Phase 1 compared to β-glucan and MOS treatmented fish, but RBC value for the live yeast treatment reached similar levels to that of the β-glucan and MOS treatments by the end of Phase 1. However, when fish were fed the control diet in the Phase 2, RBC level of in the β-glucan and MOS treatments were significantly lower than the live yeast. This trend was also similar for the packed cell volume (PCV). In the case of hemoglobin content, intake of live yeast continued to be significantly higher at both 8 and 16 weeks and the end of Phase 2. The ESR values were tended to be higher in the control treatment at all time intervals tested compared to all supplemented diets. Similarly, fish fed with probiotics and prebiotics maintained significantly higher WBC content compared to the control throughout the study. Among the supplemented treatments, no significant differences were observed at 8 weeks of Phase 1 and at the end of Phase 2; differences were detected at week 16 of Phase 1 in which values between LBA, live yeast and beta glucan were not significantly different ( Table 2 ). The mean corpuscular haemoglobin concentration (MCHC), mean corpuscular haemoglobin (MCH) and mean corpuscular volume (MCV) were significantly (P < 0.05) higher in all supplemented diets compared to control (Fig. 1) . The data of haematological parameters of one week post infection with 2 × 10 6 CFU of Aeromonas hydrophila are given in Table 3 . Generally after 1-week of infection, supplementation with probiotics and prebiotics resulted in better blood parameters compared to fish maintained on the control diet, with the probiotic based diets performing significantly (P < 0.05) better than the prebiotic diets (Table 3) . A similar trend was found for the haematological parameters recorded 2 weeks after injection ( Table 4 ). The MCHC, MCH and MCV values of the treated and control fishes in Phases 1 and 2) were Each value is the mean (+SD, n = 6). Superscripts in represents significant (P < 0.05) differences among the treatments tested.
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significantly (P < 0.05) lower compared to fish in the pre-challenged period. The three red blood cell indices of LBA treated fishes in both Phases showed significant highest performance during the post-challenged period, followed by live yeast, β-glucan, MOS and GOS (Fig. 2) .
Immunological blood parameters during pre-& post challenged period
Total immunoglobulin content (Ig)
Compared with the control, there was a significantly higher level of total immunoglobulin in the groups fed the supplemented diets. Prolonged intake of dietary prebiotics and probiotics and it was significantly (P < 0.05) higher over a prolonged use of dietary prebiotics and probiotics. Fish fed with LBA supplemented diet produced significantly (P < 0.05) highest total immunoglobulin, followed by live yeast, β-glucan, MOS and GOS throughout the study in the pre-challenged period. Among the prebiotics supplemented treatments, no significant differences were observed at the end Phase 1; but the trend was not consistent at the end of Phase 2 in the pre-challenged fish. The response of total immunoglobulin was significantly (P < 0.05) increased in the post-challenged period (Fig. 3) .
The lysozyme activities
The lysozyme activities in fish groups fed with probiotics and prebiotics was significantly (P < 0.05) higher over control treated fishes (Fig. 4) which were almost similar to the result of total immunoglobulin during pre and post challenged periods.
Evaluation of resistance to pathogenic bacteria infection
The resistance against the pathogenic bacteria, Aeromonas hydrophila was relatively increased by the inclusion of dietary prebiotics and probiotics (Fig. 5) .
Factorial analysis
The two way ANOVA result confirmed that both diet and time had an strong effect on haematological and immunological blood parameters as well as the enhancement of disease resistance (Table 5) . A similar trend was observed after 1st and 2nd week of infection with Aeromonas hydrophila. After 1st week of infection, time had an strong effect on more blood parameters compared to diets (Table 6 ) while the effect of diets and time were slightly changed ( Table 7 ) after 2nd week of infection. The effect of interaction between feed and time were significantly (P < 0.05) affected during pre and post challenged period (Table 5, Tables 6 and 7 ).
Discussion
The results of the present study demonstrated that supplementation of dietary prebiotics and probiotics significantly enhanced the health Table 3 Mean ( ± SD, n = 6) haematological parameters of Channa striata fingerlings fed the experimental diets 1-week post challenged with 2 × 10 6 CFU of Aeromonas hydrophila. a *Feeding treatments with supplementation and control diet, respectively. **Treated fish fed with a control diet only for the next 8 weeks. Each column represents different feeding trial and row represents the time. Superscripts in each row represent significant differences among the treatments tested.
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Fig. 2. Status of red blood cells indices (MCMH, MCH and MCV) in
Channa striata fingerlings after challenged with Aeromonas hydrophila. *Feeding treatments with supplementation and control diet, respectively. **Treated fish fed with a control diet only for the next 8 weeks. Each value is the mean (+SD, n = 6). Superscripts represents significant (P < 0.05) differences among the treatments tested.
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status of Channa striata fingerlings probable due to a healthier digestive system and increased digestive enzyme activities [33] . Dietary prebiotics and probiotics might have an ability to modify the structure and function of the gastrointestinal (GI) tract in the fish [3] [26] [11, 41] ; which usually accelerates a healthy digestive system resulting in the optimization of nutrient absorption and allowing the efficient passive transfer of nutrients to the blood [27] . The values of the haematological and immunological blood parameters over the 8 weeks of the feeding trial in decreasing order was LBA > L.yeast > β-glucan > MOS > GOS > control, whereby MOS treated fish were better than GOS compared to a previous study conducted by Talpur et al. [51] probable due to the increment of the MOS (0.5%) dose used. This trend mostly improved over the 16 weeks of feeding treatments for all the dietary prebiotics and probiotics tested and it was as LBA > live yeast > β-glucan ≥ MOS ≥ GOS > control, which indicated that there were no significant differences in efficacy on haematological parameters among the three prebiotics tested in the study for prolonged period. But these changes were not consistent at the end of Phase 2, when the treated fishes were switched to their respective unsupplemented diets. Generally, dietary prebiotics and probiotics are active biogenic compounds [28] having attributes that improve health [36] . These supplements may enhance the digestion activities [21] , stimulate the production of blood cells including red blood cells (RBC), white blood cells (WBC) and the platelets [32] . Although the present study did not measure platelets, the evaluation of RBC and WBC clearly supported [32] observation as did the results of PCV, Hb Concentration, MCHC, MCH and MCV. The study found that Lactibacillus acidophilus supplementation had the greatest effect compared to the controls, similar to the study conducted by Carnevali et al. [12] and Rollo et al. [42] on sea bream fish. The inclusion of Lactobacillus acidophilus probiotics and live yeast (Saccharomyces cerevisiae) to fish diet led to improve the haematological and immunological parameters in African cat fish, Clarias garepinus [2] and Cyprinus carpio [18] respectively. The changes to haematological parameters that were observed correlated with increased resistance to bacterial infection measured with challenge experiments, similar to what was observed by Ref. [15] .
Although the immunostimulant characteristic of dietary prebiotics and probiotics has not been shown in fish, human studies have the ability of these supplements to develop the blood cells particularly RBC and WBC. The present study also found similarities with previous studies on channel catfish in which β-Glucan intake increased RBC values [19] while Cyprinus carpio fish fed the similar prebiotic, increased the Fig. 3 . Effect of dietary prebiotics and probiotics on total immunoglobulin in Channa striata fingerlings over different periods in two phases in pre-and post-challenged with Aeromonas hydrophila *Feeding treatments with supplementation and control diet, respectively. **Treated fish fed with a control diet only for the next 8 weeks. Each value is the mean (+SD, n = 6). Superscripts represents significant (P < 0.05) differences among the treatments tested. Fig. 4 . Effect of dietary prebiotics and probiotics on lysozyme activities in Channa striata fingerlings over different periods in two phases in pre-and post-challenged with Aeromonas hydrophila *Feeding treatments with supplementation and control diet, respectively. **Treated fish fed with a control diet only for the next 8 weeks. Each value is the mean (+SD, n = 6). Superscripts represents significant (P < 0.05) differences among the treatments tested.
WBC [44] . In addition, these feed supplements also modified the haematocrit or PCV (%), erythrocyte sedimentation rate (ESR), haemoglobin concentration, which helps to prevent anemia. Moreover, the MCHC, accompanied by MCV test help to evaluate the anemia in living organisms. MCHC is the amount of haemoglobin in eash red blood cell. The optimum MCHC is 33%; below 28% is usually caused for hypochromic anemia. Consequently, when treated fish were injected the pathogenic bacteria of A. hydrophila, it can reduce the frontline haematological parameters. Because these pathogenic bacteria produce heat-labile enterotoxins incorporated with haemolysin and cytotoxin production [9] . The present study observed the similar occurrence. Except for the significant increase in WBC values, other basic haematological parameters were reduced during post challenged period, these values were not significantly (P < 0.05) lower than control. Thus suggesting that Channa striata fed with supplemented diets responded to infection by developing the WBC making it the first line of defense against the pathogenic bacteria, as suggested by Ref. [52] . The serum protein content in all feeding regimes decreased probable due to infection by the pathogenic bacteria but fish fed with probiotics contained the higher serum protein than the fish fed with prebiotics and control, indicating that probiotics are more efficient in boosting the immunological parameters of immunoglobulin [49] . Indeed, immunoglobulin (mg/ml) and lysozyme (U/ml) levels of the fish fed with dietary prebiotics and probiotics increased significantly compared to control. Dietary prebiotics and probiotics can modify these two immunological blood parameters and prepare the fish more stronger (immune exclusion, immune elimination and immune regulation) against the pathogenic bacteria [5] . This statement is also supported by the previous studies of [34] on rainbow trout [13] ; on Paralichthys olivaceus [25] , on Anabas testudineous fish fed with β-glucan being challenged with fungus parasite [14] , on Asian cat fish fed with β-glucan being challenged with A. hydrophila [30] , on African Catfish fed on L. acidophilus being challenged with S. xylosus, A. hydrophila and S. agalactiae [1] . The enhancement of first line defence (WBC number increased by inclusion of pathogenic bacteria), increment of serum immuglobulin and lysozyme activity of the current study have led to increase the survivavility of fish against bacterial infection of Channa straita fingerlings.
